Background. The authors describe the epidemiology and clinical course of older persons examined in emergency departments (EDs) for abdominal pain.
A BDOMINAL pain ranks as one of the most frequent reasons for trips to emergency departments (EDs) (1, 2) . This holds true for older patients, accounting for 3% to 4% of all ED visits in this age group (3) . Several previous studies report that older persons with abdominal pain have twice the rate of surgery (4-7) and a six-to eightfold increase in mortality rates compared with younger adults (4, 5, 7) . In addition, initial diagnostic accuracy decreases with increasing age (8) .
Most previous studies that have evaluated the causes for and natural course of adult visits to the ED for abdominal pain have been single-center, retrospective chart reviews (9, 10) . More recently, two single-center ED-based case series have been published that report the causes of abdominal pain and outcomes of older patients (11, 12) . This is the first prospective, multicenter study to evaluate the causes of AP and outcomes of such patients. Its objectives were to identify the causes of abdominal pain in older persons, to determine ED diagnostic accuracy, and to describe resource utilization and clinical course among these patients. For the final objective, we included the following information: (a) rate of diagnostic imaging in the ED, (b) rate and length of hospitalization, (c) need for surgery or invasive procedures, and (d) rates of return ED visits, rehospitalization, or death at 2 weeks of follow-up.
METHODS

Patient Selection
This prospective, observational study was performed at four Midwest academic teaching hospitals for 16 hours a day during a 6-week period in 2002. After a 6-week pilot study at 1 site, we developed an algorithm to guide the selection process and minimize variability ( Figure 1 ). Patients 60 years or older with acute abdominal pain were eligible for enrollment. We defined acute abdominal pain as any type of abdominal discomfort that occurred within the previous 7 days. Patients with chronic abdominal pain were eligible only if there had been an acute change in the pattern of pain during the previous 7 days. We excluded patients if they had abdominal trauma, surgery, or other invasive abdominal procedures within the previous 30 days. Patients meeting selection criteria were approached for consent and permission for release of medical information. The institutional review boards of all participating facilities approved this study.
Data Collection
Trained assistants used standardized data collection forms to abstract patient demographics, use of diagnostic imaging, ED diagnosis, and discharge diagnosis (for patients who were admitted) from medical records. An independent reviewer confirmed the ED diagnosis most directly responsible for the abdominal pain for each patient. Trained interviewers questioned patients via telephone and using a scripted interview 2 weeks after ED or hospital discharge.
We chose the 2-week follow-up period to improve recall and to try to exclude visits that were not related to the index visit. Patients were asked about additional testing, ED visits, hospital admission or readmission, and whether they were given a ''cause'' for their abdominal pain. The patient's ''final'' diagnosis was based on hospital discharge reports (when applicable) and any additional medical information obtained at the 2-week follow-up interview. Two-week follow-up data were unavailable for 23 patients, but these patients were included in all other analyses. For patients who were not admitted to the hospital, the final diagnosis differed from the ED diagnosis if additional testing made an alternative diagnosis more likely or if the clinical course was inconsistent with the ED diagnosis.
Clinical course included hospitalization or rehospitalization within the 2-week follow-up period, length of stay (LOS) longer than 3 days, operative procedures, return visits to an ED, or death. We chose an LOS of 3 days or longer to distinguish patients who were admitted to the hospital for a short-stay observation or simple rehydration from those who required specific and prolonged therapy. We thought this was particularly important because we used the outcome of admissions of 3 days or longer as a marker of serious disease. Operative procedures included surgery or invasive procedures used in place of surgery (e.g., computed tomography (CT)-guided abscess drainage or biopsy, or endoscopic retrograde cholangiopancreatography).
Because we did not capture all eligible patients, we reviewed our ED tracking and information system for all patients 60 years or older who came to the ED with abdominal pain during the study period. We compared age, race, sex, ED diagnosis, admission rate, imaging rate, rate of surgery or invasive procedure, and discharge diagnosis of nonenrolled patients with the data of those enrolled in the study to determine whether a selection bias or systematic differences existed between these groups.
Data Analyses
Each study site entered patient information into a database (Access, Microsoft Windows 2000; Redmond, WA), which was pooled for analysis. We used chi square analysis for dichotomous variables and the Student t test or analysis of variance for continuous variables, with p values 0.05 considered significant, to evaluate demographic and diagnostic imaging data. We report outcomes (admission, LOS !3 days, operative procedure, and death) for the entire population and specific demographic and clinical subpopulations, using frequencies and proportions with 95% confidence intervals (CIs).
We defined diagnostic agreement as the proportion of patients who had the same ED and final diagnoses. We calculated the percentage change between the ED and final diagnoses for all patients in aggregate and separately for each of the top 10 diagnostic categories. We used a chi square test to compare the concordance of ED diagnoses with final diagnoses, admission rates, and deaths for patients younger than 75 years with those of patients 75 years or older. We also used the chi square statistic to compare the rates of diagnostic imaging (plain films, CT, ultrasound) in patients younger than 75 years with those in patients 75 years or older. We calculated odds ratios for hospitalization, LOS !3 days, operative interventions, and deaths for age, race, and sex. We considered an odds ratio with a 95% CI that did not include 1 significant. We compared diagnostic imaging rates for the following patient subgroups using analysis of variance: those admitted for surgery or invasive procedures, those with an ED diagnosis of nonspecific abdominal pain, and all others. Statistical tests were conducted using Statistical Program for the Social Sciences, version 11.5 (SPSS, Chicago, IL).
RESULTS
During the study period, 477 patients were screened. Study coordinators were unavailable for 76 (16%) patients, and 7 (1.5%) patients refused to give consent. Of 394 consenting patients (83% of those screened), 34 were excluded: 15 (3.8%) had recent abdominal surgery or trauma and 19 (4.8%) had chronic pain. This left 360 (75%) patients with demographic, ED, and hospital data; however, follow-up data were missing for 23 (4.8%) of these patients. Thus, 337 (71%) of the original patient sample had complete data, including information on their outcomes at 2 weeks.
Demographic Data
Two thirds (n ¼ 236) of the cohort were women and 51% (n ¼ 185) were white (Table 1) . Minority patients were significantly younger than the white patients (71.4 6 8.8 years vs 74.6 6 8.8 years; p , .001). The suburban site recruited more white (86% vs 47%; p , .001) and older patients compared with the 3 urban centers (76.7 years vs 72.4 years; p , .001). There were no significant differences in mean age (71.3 6 8.9 years vs 73.1 6 8.9 years; p ¼ .10), sex, race, cause of abdominal pain, admission rate, rate of surgery, or in-hospital mortality rates among eligible patients who were enrolled and those who were not enrolled. Table 2 shows the leading causes of the abdominal pain, based on ED and final diagnoses. The most common final diagnoses were nonspecific abdominal pain, 14.8%; urinary tract infection, 8.6%; bowel obstruction, 8%; gastroenteritis, 6.8%; diverticulitis, 6.5%; and gallbladder disease, 6.2%. Two less common but still important causes of abdominal pain were ischemic bowel and appendicitis, which accounted for 1.2% and 0.6% of final diagnoses, respectively. Twenty-six of 39 patients (67%) admitted with nonspecific abdominal pain had more specific diagnoses at discharge: diverticulitis in 4 patients and gallbladder disease, bowel obstruction, cancer/mass, and peptic ulcer disease/gastroesophageal reflux disease in 3 patients each. Only 1 of these 39 patients was admitted for surgery, and the remaining 38 were admitted to the medical service. Thirteen (33%) of the patients admitted to the hospital without a specific diagnosis in the ED required either surgery (n ¼ 2) or specific medical therapy (n ¼ 11) during their admission.
Causes of Abdominal Pain
Diagnostic Agreement
Overall agreement of ED diagnoses with final diagnoses was 82% (95% CI, 77% to 86%). The ED diagnosis was discordant with the final diagnosis in 62 patients. Sixty (97%) of these patients were admitted on their index visit; 13 (22%) had return ED visits within the follow-up period, with 5 (8%) requiring rehospitalization.
Diagnostic agreement differed by causes of abdominal pain, as can be seen by the percentage change among the 10 most common diagnoses in Table 2 . Patients with gallbladder disease had the highest rate of diagnostic discordance, followed by those with cancer, nonspecific abdominal pain, diverticulitis, and cardiac disease. Patients younger than 75 years were more likely to have an ED diagnosis concordant with the final diagnosis than were those 75 years or older (87% vs 76%; p ¼ .01).
Diagnostic Imaging
The overall rate of diagnostic imaging was 39% for plain radiographs, 38% for CT, and 11% for ultrasound. The use of plain radiographs differed significantly by patient age and sex (Table 3) . We also found a significant difference in rates of CT use between nonenrolled and enrolled patients (23% vs 38%; p ¼ .01). There were significant differences in the rate of utilization and the sensitivity for each of the imaging methods by patient subgroup: surgical/invasive, nonspecific abdominal pain, and all others. The CT results were diagnostic in 70 of 105 patients who had a specific cause of pain (67%; 95% CI, 57% to 75%) compared with plain films, which were diagnostic in 42 of 114 patients (37%; 95% CI, 28% to 46%). Computed tomography was much more likely to be diagnostic in the 63 patients with diseases requiring surgery (obstruction, gallbladder disease, diverticulitis) (78%; 95% CI, 57% to 91%) than in the 235 patients with medical conditions (urinary tract infection, gastroenteritis, pancreatitis; 41%; 95% CI, 30% to 53%) or in the 62 patients with nonspecific abdominal pain (3%; 95% CI, 0.2% to 19%).
Clinical Course
Of the 360 patients with complete follow-up information, 209 (58%) were admitted to the hospital (Table 4 ). The mean LOS was 6.1 6 6.2 days, ranging from 1 to 34 days. One hundred forty-five (74%) of the admitted patients stayed at least 3 days, whereas 31 (16%) were admitted for 1 day or less. Thirty-three patients (10% overall and 17% of those admitted to the hospital) had operative procedures. An additional 25 admitted patients (13%) had invasive procedures, as defined in Methods. Seventeen of the 194 (8.8%) admitted patients for whom we have 2-week followup information returned to the ED within the follow-up period, compared with 20 of 143 discharged patients (14%). Of the 17 patients admitted on their index visit who returned to the ED within 2 weeks, 12 were readmitted and 2 required surgery (1 planned). A total of 23 patients (6.8%) were either Notes: *Percent (%) change is positive when the proportion of patients with the ED diagnosis was larger than that of the final (2-week follow-up) diagnosis.
ED ¼ emergency department; PUD/GERD ¼ peptic ulcer disease/ gastroesophageal reflux disease; UTI ¼ urinary tract infection. admitted or readmitted within the 2-week period after their index visits. Seventeen patients (5%) died within the 2-week follow-up period. However, none of the patients discharged home from the ED on their index visit died. Overall, 164 patients (43%) had LOS !3 days, required operative procedures, or died within the 2-week follow-up period. We found no significant differences in outcomes by sex or race (Table 5 ). Patients 75 years or older were more likely to be admitted than were younger patients (odds ratio, 1.7; 95% CI, 1.08 to 2.62). Mortality rates differed significantly for those 75 years or older compared with those 60 to 74 years old (odds ratio, 4.4; 95% CI, 1.4 to 14).
DISCUSSION
Previous studies have shown that older patients who come to the ED with abdominal pain are more likely to have serious conditions and require hospitalization than are their younger counterparts (4, 5, 9, 13) . Our findings support the serious nature of abdominal pain in older persons, because more than 40% of patients were hospitalized for 3 or more days, had operative procedures, or died within the 2-week follow-up period. Furthermore, even among these older participants, we noted age-related differences in outcomes. Patients 75 years or older were more likely to be admitted to the hospital than were their younger counterparts. Our data also suggest decreased diagnostic accuracy in our oldest patients (!75 years), reflecting findings of previous investigators (8, 14) .
Our rate of surgery (18% for patients admitted to the hospital and 10% overall) is lower than previously reported (9, 10, 12) and may reflect our selection criteria, which would include, for example, patients with a primary problem of vomiting, as long as they had associated abdominal pain. This increased our sensitivity for bowel obstruction, but it also increased the number of patients with gastroenteritis. In addition, our lower surgery rate may have resulted from the advancement of procedures such as CT-guided drainage or biopsy and endoscopic retrograde cholangiopancreatography. As noted in Results, these procedures occurred in 13% of admitted patients, accounting for 43% of all invasive or operative procedures. When we included these procedures, our operative procedure rate increased to 30%, which is similar to the 24% that Kizer and Vassar (15) reported. Our 2-week mortality rate of 4.7% [similar to the 2-month mortality rate of 5.3% reported by Marco and colleagues (12) ] and recidivism rate (return ED visit or hospitalization) of 11% further support the serious nature of this problem in an older population.
Leading specific causes of abdominal pain included urinary tract infection (8.6%), bowel obstruction (8%), gastroenteritis (6.8%), diverticulitis (6.5%), and gallbladder disease (6.2%). Our numbers for cardiac, gallbladder, and urinary tract diseases are similar to those reported by Marco and colleagues (12) but differ somewhat from earlier studies that reported higher rates for gallbladder disease (10, 15, 16) .
A nonabdominal cause (usually thoracic in location and aortic, cardiac, or pulmonary in cause) was considered the likely reason for pain in approximately 5% of our patients. Review articles make the point of considering intrathoracic processes in patients with abdominal pain, particularly in older patients, but we could find only two studies that reported these numbers, both with results consistent with our own (12,17) .
In our study, the ED diagnosis matched the final 2-week diagnosis approximately 80% of the time, a significant improvement over previous studies, which have reported agreement between ED and final diagnoses to range from 45% to 68% (8, 14, 15, 18) . Similar to the studies by de Dombal (8) and Adams and colleagues (14), we observed a decrease in agreement between the ED and final diagnoses for older patients (!75 years), although not to the same degree. Correctly diagnosing conditions in patients in the ED significantly reduces both disease-and treatment-related morbidity (15, 19, 20) .
The diagnosis of nonspecific abdominal pain is essentially one of exclusion, with no diagnostic criterion standard, yet it accounts for the largest single diagnostic category for patients with abdominal pain both in the ED and after hospitalization. Although it almost certainly consists of several conditions (none of which meet more specific diagnostic thresholds), it is a well accepted diagnosis in practice and is included prominently in the literature concerning abdominal pain, where it is also called ''undifferentiated abdominal pain.'' The studies with which we compared our results regarding congruence all had a category for nonspecific or undifferentiated abdominal pain, with rates varying from 10% to more than 40% (21, 22) .
Although an earlier review reported a lower rate (,10%) of nonspecific abdominal pain, further analysis of this study showed that the more specific diagnoses given to an additional 27% of patients were not supported by their history, examination, or laboratory findings (16) . Because misdiagnosis is thought to be potentially more dangerous than having no specific diagnosis (by causing premature closure of diagnostic testing and decision making), practitioners embraced the idea of using a diagnosis of nonspecific or undifferentiated abdominal pain when no other diagnosis could be reasonably confirmed.
Several potential variables may be responsible for reducing our percentage of nonspecific abdominal pain to 21%, including training and experience of the emergency physicians and the increased use of CT imaging. The CT scans were diagnostic significantly more often than were plain films in patients with a specific cause for their abdominal pain. However, it is important to note that the patients in our study who could not be given a specific diagnosis had similar rates of diagnostic imaging, including CT. This supports the concept that clinicians use CT both to confirm and to rule out disease and that a diagnosis of nonspecific abdominal pain is not necessarily due to insufficient investigation. Although CT was diagnostic in a significantly higher percentage of patients with diseases requiring surgery than in those with specific medical conditions or nonspecific abdominal pain, it may have been as useful in these other populations. A normal finding on a CT may allow physicians to feel more comfortable in not identifying a specific cause for the abdominal pain. A recent study looking at the use of CT in patients with abdominal pain suggests that it allows physicians to discharge patients who might otherwise be admitted for observation (23) . Others have found that it alters decisions regarding both admission and discharge almost equally (24) .
So is nonspecific abdominal pain likely to portend a benign prognosis? Lukens and associates (11) found that most patients (88%) who had been discharged from the ED with a diagnosis of undifferentiated abdominal pain improved within 2 to 3 weeks. However, they included only 25 patients older than 60 years in their study and yet had an overall readmission rate of 4.6%. More than one half of our 70 patients in whom the ED evaluation failed to provide a specific diagnosis were admitted for further evaluation. One third of these patients required specific medical or surgical therapy during their hospitalization, whereas another one third left the hospital within 24 hours without receiving a more specific diagnosis or further therapy. How can we better differentiate between those requiring specific therapy and those with benign self-limited disease?
The physicians in our study may have used a conservative approach, admitting most of our older patients without a specific diagnosis to capture those who required therapy. This strategy resulted in admitting 31 (16%) patients for 1 day or less. Physicians also used diagnostic imaging liberally, obtaining CT scans in nearly 40% of these patients. Despite these strategies, 20 of the 143 (14%) patients initially discharged returned to an ED within 2 weeks, with 11 (8%) of these being admitted. Importantly, none of these patients required emergency surgery.
Our study does have limitations. We did not enroll all eligible patients. However, a comparison between nonenrolled and enrolled patients did not reveal any systematic differences in demographic or clinical characteristics with the exception of lower CT use for nonenrolled patients. The 2-week follow-up interview helped identify patients with persisting problems. However, we may have missed those with serious but more indolent processes. In addition, patientreported information may not be completely accurate.
Conclusions
Physicians of older patients should know that despite improved diagnostic technology, a significant rate of inconclusive or incorrect diagnoses exists in older patients evaluated in an ED for abdominal pain. Many of these patients have serious conditions. Further study is required to help define both a higher risk population of patients who require admission and treatment and a lower risk population of patients who can be safely discharged. Such a strategy should provide a safe, cost-effective approach for evaluating abdominal pain in older patients.
